Background: Due to the complex anatomy of the root canal system, biomechanical preparation is not able to completely eliminate all microorganisms present in the endodontic infections, making it necessary the use of an intracanal medication. Aim: The aim of this study was to assess the antimicrobial activity of an intracanal medication containing the ethyl-acetate fraction of Pothomorphe umbellata against Enterococcus faecalis. Materials and Methods: Fifty seven human maxillary canine teeth were used, of which 54 were infected with E. faecalis every 72 h, for 28 days, and cultured for 24 h. Contaminated teeth were randomly separated into three groups (n = 18) and treated as follows: Group I -calcium hydroxide-based medication; Group II -P. umbellata-based medication; Group III -contaminated teeth without medication. Three teeth were used as negative control. After 7, 14 and 28 days of treatment, six teeth from each group were assessed for the level of microbial growth after each period of treatment. Results: The intracanal medication containing P. umbellata was effective against E. faecalis after 7, 14, and 28 days of treatment without statistically significant difference in comparison to calcium hydroxide treatment (Kruskal-Wallis test, P > 0.05). Conclusion: Ethyl-acetate fraction of P. umbellate was efficient against E. faecalis, making this phytotherapy a viable option for endodontic treatment.
canal system makes the biomechanical preparation not effective in the complete elimination of microorganisms present in its interior, making it necessary the use of an intracanal medication. [5] Several substances have been proposed for use as intracanal medication, among these, calcium hydroxide, the most frequently used substance, which became popular due to its antimicrobial properties and biological compatibility. [5] [6] [7] However, there have been discussions in literature about the ineffectiveness of calcium hydroxide in inhibiting E. faecalis growth. [1, 8, 9] Thus, studies have been conducted in the field of phytotherapy with the purpose of seeking new product options that are capable of controlling these microorganisms effi ciently. [10] Pothomorphe umbellata is a popularly used medicinal plant. In Brazil, there are two species: P. umbellata and Pothomorphe peltata, known for their choleretic, cholagogic, gastric, and anti-epileptic activities. They are used by lay persons for treating several illnesses, such as diabetes, erysipela and hepatic diseases. [11] In endodontic infections, the purpose of the treatment procedures is to disinfect root canal systems in order to repair periapical lesions. However, the presence of some microorganisms, such as Enterococcus faecalis makes this a diffi cult task because it resistant to conventional treatments. This pathogen can grow and survive in a hypotonic, hypertonic medium, at a pH ranging from 2 to 10, in acid and alkaline environments and those lacking nutrients. [1, 2] It also has mechanisms enabling it to adhere to the host's cells. [3, 4] Furthermore, the anatomy of the root At present, studies are being conducted on some of their pharmacological properties, such as anti-edema, anti-platelet activating factor (platelet anti-aggregation), analgesic, antiulcerogenic, anti-malarial, [11] and antimicrobial activities. [12] Thus, the aim of this study was to assess the in vitro antimicrobial activity of an intracanal medication containing the ethyl-acetate fraction of the leaf extracts from P. umbellata against E. faecalis, in comparison to a calcium-hydroxide-based medication. 
MATERIALS AND METHODS

Preparation of
Agar-diffusion test
The fractions results from the P. umbellata dye partitioning were submitted to the agar diffusion test. First, the samples were prepared for analysis by dissolving 30 mg of each fraction in 1 ml propylene glycol. After E. faecalis inoculation (ATCC 29210), the fraction was diluted in sterilized physiological solution in a ratio of 1:10 and spread on plates containing Mueller-Hinton solid medium. Sterilized 5 mm-diameter absorbent paper disks were placed on the Petri dish at equidistant points from each other, and 0.5 ml of the respective bacterial cultures were poured onto each disk. The plates were incubated at 37°C for 24 h. The control sample was embedded separately, using propylene glycol. All procedures were carried out in triplicate in a laminar fl ow chamber under aseptic conditions.
Tooth selection and biomechanical preparation
For the antimicrobial test, 47 human maxillary canine teeth were used. These were donated by the Tooth Bank of the School of Dentistry of Federal University of Amazonas in accordance with the ethical standards of the Helsinki Declaration. The tooth crowns were sectioned using a high speed motor MS 400 (Dabi Atlante, Ribeirão Preto, SP, Brazil) and #2135 cylindrical diamond drill (KG Soresen, São Paulo, SP, Brazil) under cooling. After this, biomechanical preparation was performed by the crowndown technique, fi rst shaping the apical preparation with a #50 K type fi le (Dentsply/Maillefer, Ballaigues, Switzerland) up to 1 mm short of the root apex. Next, fi nal irrigation was performed with 2 ml of 17% ethylenediaminetetraacetic acid (Biodinâmica, Ibiporã, PR, Brazil), allowing it to remain for 5 min, followed by 2 ml of distilled water.
Afterwards, the apical foramen were sealed with light polymerized composite resin (Master Fill, Biodinâmica, Ibiporã, PR, Brazil), and the canals were dried with absorbent paper cones and autoclaved at 121°C for 20 min.
Tooth contamination
With the aid of a syringe, 5 μl of the E. faecalis microbial suspension prepared with 24-h cultures adjusted to the MaCFarland scale 1 tube were inoculated into the previously autoclaved teeth. This procedure was repeated every 72 h for 28 days. During this period, the teeth were kept in an oven at 37°C. The three teeth that were not contaminated were used as negative control. [8] In order to confi rm tooth contamination after 28 days, each tooth was irrigated with 100 μl of the sterilized saline solution and a #50 sterilized absorbent paper cone was inserted into the root canal and left for 5 min. When exposure time was over, the cone was transferred to a test tube containing 1 ml of saline solution, from which four serial dilutions were made. Aliquots of 25 μl of each dilution were plated on plates containing Mueller-Hinton medium. The colony forming units (CFUs) were counted after 24 h of incubation.
Intracanal medication application
After sample collection to confi rm contamination, the root canals were irrigated with 1 ml of saline solution, dried with #50 absorbent paper cones and separated into three groups (n = 18) according to the tested medication. Group I received calcium hydroxide-based medication, Group II P. umbellate-based medication (ethyl-acetate fraction) and Group III did not receive any medication (control) in order to assess whether the microorganism would still be viable after the tested periods, without receiving nutrients.
Medications were prepared on a sterilized glass plate, with 24 F spatula used for cements. A mixture of 0.3 ml of propylene glycol solution and 25 mg of calcium hydroxide powder was blended into a paste with a creamy consistency, similar to toothpaste. To prepare the P. umbellata medication, 50 mg of the ethyl-acetate fraction was required to achieve an ideal clinical consistency.
A quantity of 5 μl of the medications was placed in the root canal, using a low speed Lentulo drill #35 (Dentsply/Maillefer, Ballaigues, Switzerland). Next, the root canal orifices were sealed with pre-heated gutta-percha and kept in an oven at 37°C.
Microbiological analysis after treatment
After the dressings had been in place for 7 days, 6 teeth from each group were irrigated with 5 ml of the sterilized saline solution and a sterilized absorbent paper cone was inserted into each root canal, and allowed to remain there for 5 min. The cone was transferred to a test tube with 1 ml of saline solution, from which four serial dilutions were performed. From those solutions, 25 μl were taken out and seeded on Petri plates containing Mueller-Hinton medium at 37°C. The plates were kept at room temperature for 2 h, and then incubated at 37°C for 24 h. CFUs were counted after 24 h. The microbiological collection was also performed in one negative-control tooth. The procedures were repeated for the 14 and 28 days periods.
Data regarding the microbiological analysis in teeth were analyzed by means of the values corresponding to the decrease in the bacterial growth for each tooth after using the medications for the different periods. The absence of CFUs was considered, in percentage, as 100% of reduction in bacterial growth.
Statistical analysis
The results of measurements in millimeters of the inhibition haloes were submitted to the normal decline in adherence test, which revealed an unusual sample distribution. The Kruskal-Wallis non-parametric statistical test was performed with a level of signifi cance of 5%, with the aid of Graphpad Prism 4.0 Software (GraphPad Software, La Jolla, CA, USA).
RESULTS
Agar-diffusion test
The mean values of the inhibition haloes, antimicrobial activity and indicators of the dye fractions from P. umbellata leaves, obtained from the agar diffusion test are shown in Table 1 . The data given in Table 1 demonstrated that the ethyl-acetate fraction was more effective in inhibiting E. faecalis growth, with statistically signifi cant difference in relation to the other groups (P < 0.05). Analysis of the results demonstrated that calcium hydroxide (Group I) and P. umbellate based (Group II) intracanal medications provided microbial reduction in all the tested periods, with no statistically signifi cant difference between them (P > 0.05). The material collected from the three teeth used as negative control resulted in negative cultures.
Microbiological analysis in root canal
DISCUSSION
The teeth were contaminated for 28 days, the time needed to allow higher penetration of microorganisms into the dentinal tubules -the factor that makes disinfecting diffi cult [8, 13] as well as time to analyze the antimicrobial activity of the intracanal medication being formulated. A microbiological analysis was carried out before the intracanal medication was applied, in order to confi rm the incidence of viable microorganisms after the longterm period of 28 days of root canal contamination. The teeth from Group III (positive control) presented viable microorganisms throughout the whole experiment. Moreover, it was observed a reduction in the bacterial population in this group because it did not receive nutrients during the treatment period. This confirmed reports that E. faecalis has the ability to express proteins that give it the capacity to adapt and survive under different environmental conditions such as surface proteins, adhesion factors (EfaA and Ace), aggregation substance and expression of the gelE gene, which facilitate the adherence of this microorganism to human dentin. [14] In the agar diffusion test, it was found that the ethyl-acetate fraction presented better antimicrobial activity when compared with hexanic and butanolic fractions; therefore, it was selected as the basis for the intracanal medication being studied.
Despite of the limitations of this in vitro test, results obtained for P. umbellata (ethyl-acetate fraction) in periods of 7 and 28 days of treatment demonstrated a signifi cant reduction of microorganisms in the main root canal. Furthermore, the amount of microorganisms in the period of 14 days of treatment presented no statistically signifi cant difference when compared to the group in which the calciumhydroxide-based medication was used (P > 0.05).
With regard to the calcium-hydroxide-based medication antimicrobial activity results, inhibition of bacterial growth was found in all the tested periods. The action of calcium hydroxide in eliminating E. is supported by the results obtained in similar studies, in which the antimicrobial activity of calcium hydroxide paste against seven bacterial strains, among them E. faecalis, were evaluated. [15, 16] The tested calcium-hydroxide pastes were efficient in inhibiting all the strains, and these fi ndings differed from those obtained by Estrela et al., [5] showing that calcium hydroxide was ineffi cient in inhibiting the growth of E. faecalis. However, this may be partly explained, considering the different vehicles used as this paste was incorporated into inert vehicles, thus damaging diffusion of the active culture medium. Moreover, the methodology used in the present study verifi es the viability of bacteria in the main canal, in accordance with clinical testing of microbial cultures in endodontic practice. Such fact may be related to the non-solubilization of the paste that did not favor the dissociation of calcium and hydroxyl ions, which are responsible for the antiseptic action. [16] It is important to keep in mind that the medication used in Group I was prepared with a pure substance, calcium hydroxide, and that in the P. umbellate-based medication (Group II) a crude extract fraction, ethyl-acetate, was used. The antimicrobial activity of the ethyl-acetate phase of P. umbellata may be related to the presence of some isolated substances, belonging to several classes of secondary metabolites. The isolation of three classes of chemical compounds from this fraction was reported, namely: Amide, C-glycosylfl avones and p-coumaric acid. [17] Some of these compounds probably play a role in the growth inhibitory activity of faecalis found in the present study. Once these compounds are identifi ed, it will be possible to formulate a medication with these active principals, and therefore, it may be possible to obtain even more satisfactory fi ndings with regard to the antimicrobial activity of P. umbellata-based medication.
The effect of the phytotherapeutic agent as an intracanal medication, as far as the inhibitory activity against the microbiota resistant to conventional endodontic treatment is concerned, seems to be quite promising. Nevertheless, for this to be realized, further antimicrobial and biological compatibility tests are required, using longer and shorter time intervals than those used in the present study. Biological compatibility tests may also be promising since the anti-infl ammatory property of P. umbellata has already been verifi ed. [17] [18] [19] [20] 
CONCLUSION
Based on the methodology applied and the fi ndings obtained it was possible to conclude that the ethyl-acetate fraction of P. umbellata was effi cient against E. faecalis in the different periods of treatment, making this phytotherapy a viable option for endodontic treatment .
